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A riety of health-related problems among operating room (OR) personnel has been said to be linked to chronic exposure to trace quantities of anesthetic gases which escape into the open OR atmosphere.'
These trace concentrations may also have more immediate deleterious effects upon CNS activity, and a particular issue of concern involves the extent, if any, to which the psychomotor responsivity of OR personnel may be slowed or otherwise disrupted by inhalation of these g a~e s .~-~ Evidence that psychomotor functioning may indeed be significantly impaired by inhalation of anesthetic gases in trace quantities comes largely from controlled laboratory studies in which the introduction of minimal amounts of various anesthetic agents into the inspired air provided to volunteer subjects has proven sufficient to impair subsequent performance on a variety of psychomotor tasks?. 4, It should be noted, however, that the dissimilarity between the conditions found in these studies and those that exist in the natural OR environment makes uncertain the degree to which the results of the former can be generalized to clinical conditions. For example, use of breathing masks or tents to ensure that subjects receive a steady flow of a predetermined level of anesthetic gas in the experimental studies imposes several hours of idleness and relative immobility upon the subjects just prior to psychomotor assessment. The possibility exists that the performance decrements seen stem not from the inhalation of smali amounts of anesthetic gas alone, but rather from an interaction between the low levels of gas inhaled and the preceding hours of relative inactivity. More important, perhaps, is the fact that personnel in an OR, unlike subjects in a laboratory study, are seldom, if ever, likely to experience prolonged exposure to nonfluctuating levels of any anesthetic gas or gas mixture. Variations in the nature and duration of surgical procedures, variability in the efficiency of ventilating systems, OR air tumover changes produced by uncontrolled ingress and 475 ANESTHESIA AND ANALGESIA VOI 58. NO 6. Nov-D~c 1979 egress, and an individual's own movement and technique around the gas sources are some of the factors making it unlikely that air inspired in the OR contains a constant amount of anesthetic gas over a prolonged time span.
The degree of psychomotor impairment produced in a laboratory study, then, may or may not estimate well the degree of impairment, if any, occurring under the more variable conditions of the OR. A further contribution to the uncertainty regarding the generalizability of experimental study results is the fact that subjects, typically serving as their own controls in a cross-over experimental design, are exposed to anesthetic gas on only one occasion. This once-only exposure precludes assessment of the degree to which a tolerance for small amounts of anesthetic gas might develop, or, conversely, assessment of the possibility that some degree of heightened sensitivity to the presence of trace agents might result from repeated exposure.
The present study was undertaken to assess over time the psychomotor skills of individuals exposed daily and routinely to trace concentrations of anesthetic gases, and thereby to establish more clearly the degree of risk present in the actual OR environment.
Method and Procedure

Subjects
Thirty-six male medical students, representing experimental and control groups of equal size, were the subjects in the present study. There was an insufficient number of female students available to meet the requirements of the present experimental design.
The experimental group (E) consisted of students taking an elective clerkship in ar.esthesiology. The control group (C) was comprised of volunteers from among the medical students taking the psychiatry clerkship. Excluded from the study were students who had just completed a clerkship involving significant time in the operating room (e.g., surgery) or who had had an anesthetic as a patient within the last year. All students who volunteered to serve as subjects in the present study provided informed consent consistent with both federal and institutional guidelines and procedures concerning research involving human subjects.
Assessment Methods
All subjects were assessed on three occasions, 2 weeks apart, over a 4-week period with a selected battery of three psychological tests. The battery was comprised of two tests, Finger Tapping and Grooved Pegboard, that are often a part of a standardized neuropsychological battery.' The third test was the Rotary Pursuit Apparatus (Lafayette Instrument Co, model 2203). These tests were selected to assess attention, concentration, manual dexterity, coordination, and reaction time, aspects of performance that previous investigators4 have found to be affected by exposure to trace concentrations of anesthetic gases under laboratory conditions. Finger Tapping. This test, which utilizes a key with attached calibrated counter, is a measure of finger tapping speed. The index finger of the preferred hand is used first, then that of the other hand. The subject is given five consecutive 10-second trials with the hand held in a constant position to assure that movements of only the finger rather than the whole hand and arm were required. Every effort is made to encourage the subject to tap as fast as possible. This test evaluates motor speed.
Scoring is based on the mean score for five consecutive trial scores within a range of 5 points. If these are not obtained, then the test is discontinued after ten trials, and a mean is computed from the five trial scores which best reflect maximum performances. Each subject obtains a score for his dominant and nondominant hand.
Grooved Pegboard Test. This test consists of a 10-cm2 pegboard which has five rows and five columns of slotted or grooved holes into which similarly grooved pegs are to be placed in row sequence from top to bottom. The subject first places the pegs with his dominant hand; the second trial is with his nondominant hand. Scoring is the total time to complete the task, and scoring is separate for each hand. This test primarily tests manual dexterity.
Rotary Pursuit Apparatus. This test requires complex hand-eye coordination in placing and keeping a hand-held stylus in contact with a rotating disc. The equipment used in the present study provided for automatic timing for target contact per 20-second trial with the time scores seen only by the experimenter. For the present study the disc was rotated at 45 and 60 rpm for two trials each in a counterbalanced sequence (ABAB or BABA) with 20 seconds between trials.
to the subjects. Each testing session lasted approximately 20 minutes. The order of presentation of the three tests was completely counterbalanced; thus, none of the subjects received the tests in the same order over the three testing sessions.
The subjects in the experimental group were tested on the 1st day of their clerkship prior to exposure to the atmosphere in the OR suites. Two weeks later, and then 4 weeks after the initial assessment, they were assessed on exiting the operating room complex. The subjects in the control group were assessed shortly after their orientation period, and as close as possible to the prescribed times as their schedules would allow. Table 1 shows the average time in days between testing occasions for Groups E and C. The shorter time for the subjects in the experimental group on the final testing session reflects the fact that most of the subjects were taking a 4-week clerkship, and, hence, testing was accomplished on the last full day in the operating mom suite prior to the weekend which would conclude the cIerkship. While there are statistically significant differences between the groups on each occasion, pragmatically the times are similar and acceptable for further analyses of group results.
Assessment of Operating Room Atmosphere
The subjects in the experimental group were assigned to one operating room, in which they spent 90% of their time. Previous investigators have shown that areas of high concentration of trace gases exist around the anesthetic machine, the head of the patient, and at the level of the anesthetist; therefore, this area was selected to obtain samples for measurement of concentrations of anesthetic gases.
The type of scavenging system used for this room was a gravity-type system' which vented the gases from the over-flow valve of the anesthesia machine via conductive corrugated rubber hose, measuring 117 cm in length and 2.5 cm in diameter, to the floor. The anesthetic machine was an Ohio Heidbrink series 2000 fitted with a stem valve seated on a stainless steel orifice providing positive opening and closing pressure. The " 0 ring seals were designed to prevent waste gas leakage into the room. Excess gases were conducted to a distance 10 cm above floor level and 165 cm from the exhaust vent of the non-recirculating air conditioner system. The room volume was 312 m3. It had an air ventilation of 60.43 m3/min and an airexchange rate of 0.32/min. Air inflow to the room was via two vents located in the ceiling (one directly above the patient's head) and outflow was via a wall vent directly behind the head of the operating table.
The intake and exhaust flows were continuously monitored during the entire testing period. All anesthetics were administered using a semiclosed circle technique with masks or endotracheal tubes and manually assisted or controlled ventilation. No attempt was made to standardize the teaching methods of the staff or resident instructors assigned to the room, so some utilized the "empty-the-bag'' technique before extubation and prior to oxygenation of the patient, i.e., detaching the breathing bag from the machine. This act was, however, the exception rather than the rule.
A plunger type sample of air was obtained according to the instructions from the Boehringer Laboratories manual with the cartridge then sealed tightly and placed in a mailable, leak-proof container. The sampling tube was made of impact-extruded dense aluminum and had a capacity of 150 ml. It had undergone 538 C flash cleaning before use. The samples then underwent chromatographic analysis at the Boehringer Laboratories, They employ a Varian gas chromatograph (model 27680) and report accuracies of f l ppm for nitrous oxide, and k0.05 ppm for halothane.
To obtain gas samples for analysis of a steady-state contamination, "grab samples were taken from the area 45 cm between the patient's face and the machine, at the level of the over-flow valve. Samples were taken either 30 minutes after induction of anesthesia (N = 17), or within 30 minutes of the completion of the last case on a given day (N = 18). This information covered two peak levels, i.e., during induction and an accumulated level during a surgical day.
Results
Air Samples
The atmosphere of the OR was sampled as previously described on 35 occasions. This sampling spanned a 17-month period during which the subjects 477 ANESTHESIA AND ANALGESIA VOI 58, NO 6. NOV-DW 1979 in the experimental group rotated sequentially through the anesthesiology elective with minimal overlap in assignments. On 30 occasions nitrous oxide in amounts ranging from 3-2334 ppm (X = 374.87 ppm) was found, 12 times as the single agent present, 16 times in combination with halothane in amounts ranging from 0.2 to 36.9 ppm (X = 4.55 pprn), and twice in combination with enflurane in amounts of 0.3 and 4.6 ppm. Cyclopropane (38.8 ppm) was the sole agent present once. On four occasions no trace anesthetic gases were detected. While there was marked variability in the levels of gases found in these samples, this variability was evenly distributed across the data collection period. That is, no clustering bf high or low gas values occurred at any given time during the sampling period, and the composition of the OR atmosphere, while variable, was similar in its variability for all subjects in the experimental group.
Of the 35 air samples 23 were taken on either Mondays (n = 12) or Fridays (n = 11), as virtually all psychomotor assessment at the 2-and 4-week periods was done as the subjects finished working in the OR on these days. Illness and holidays kept two subjects out of the OR on the Monday or Friday of the weeks in which they were to be assessed, and hence they were tested upon leaving the OR on alternate days in those same weeks.
The amounts of nitrous oxide found in the Monday samples ranged from 0 (on three occasions) to 2334 ppm (X = 559.66 ppm). The amounts of halothane found in the Monday samples ranged from 0 (on five occasions) to 36.9 ppm (X = 4.23). In the 11 Friday samples, nitrous oxide was found in amounts ranging from 0 (on two occasions) to 1232 ppm (X = 244.91 pprn), and halothane was found in amounts ranging from 0 (on seven occasions) to 10.6 pprn (X = 1.11).
The remaining 12 air samples were distributed over Tuesdays, Wednesdays, and Thursdays. In them, nitrous oxide was found in amounts ranging from 4-960 ppm (X = 153 pprn), and halothane was found in amounts ranging from 0 (on seven occasions) to 3.7 pprn (X = 0.85 ppm).
The gas levels found in the present study are comparable to the levels of nitrous oxide and halothane reported by Gamberale and Svensson2 in their study of ORs in five Swedish hospitals, and for the most part surpass, particularly on the days when almost all of the psychomotor assessment was done, the minimum levels Bruce and Bach4 found sufficient to impair psychomotor performance in the laboratory setting.
Psychomotor Performance
The computation of separate scores for the dominant and nondominant hands on the Finger Tapping and Grooved Pegboard Tests, and the use of two Pursuit Rotor speeds resulted in the production of six scores for each subject at each period of assessment. The group mean scores and standard deviations are shown in Table 2 .
These data were analyzed using a repeated measures multivariant analysis of variance procedure. Since the performance levels of the two groups proved to be significantly and inconsistently disparate at baseline, an initial analysis in which absolute score values were employed was repeated using changescores. These latter scores were derived by subtracting baseline values from subsequent scores so that change in performance rather than absolute level of performance would be represented in the analysis, thereby negating the confounding effect of having the groups starting at different points. As shall be seen, however, the results of these two analyses are similar.
Scores (means f SD) of Experimental (E) and Control (C) Subjects on Each Task at Each Assessment Period
To summarize briefly, the initial analysis in which absolute score values were used indicated that none of the observed performance differences were attributable to trace gas exposure except perhaps those seen in the measures taken from the Pursuit Rotor at its slower speed setting. Reanalysis in which changescores were used confirmed the negative findings of the initial analysis and further suggested that its one positive finding relevant to Pursuit Rotor performance was in reality an artifact of the groups' differential baseline performance on the task rather than a genuine effect of the experimental condition. The conclusion to be drawn from these two analyses is that exposure to anesthetic trace gases did not adversely affect the psychomotor performance of subjects in the experimental group. The specific details of each analysis and the findings leading to this conclusion are presented below.
Analysis Using Absolute Scores
Three basic comparisons are made in the multivariant analysis that was applied to the present data: the analysis compares the performances of the two groups independent of the time factor (i.e., irrespective of when testing occurred); it compares the performances over time of subjects independent of their group assignment (i.e., irrespective of whether they are experimental or control subjects); and the analysis compares performances based upon the interaction between the factors of group membership and time of assessment. Since the present study concerns possible decrements in the performances of particular subjects (the experimental group) as a function of their having been exposed over time to trace concentrations of anesthetic gases, it is the latter comparison that is of greatest interest. The initial analysis in which absolute score values were used is summarized in Table 3 . This analysis revealed the following about the outcome on each task: Finger Tapping. (1) As is seen in Table 2 , group C performed better (i-e., averaged more taps) than group E at all three time periods. In Table 3 we see that group C's superiority is statistically significant and held for both the dominant and nondominant hands ( F = 5.13, df = 1, p ~0.05, dominant hand; F = 11.65, df = 1, p < 0.01, nondominant hand). (2) Within * Note: Source refers to the specific comparison being made; i.e., the first comparison is between groups irrespective of time, the second is of change over time irrespective of group assignment, and the third is of the interaction between group membership and time (group x the). The residual mean square Is a statistical unit representing that portion of the variance in the data not attributable to either of the main factors (group or time) or to their interaction. The residual mean square divided into the mean squares associated with the main factors and their interaction produces the Fvalue associated with each comparison. Using the appropriate degrees of freedom (do, the level of statistical significance ( p ) associated with each F value may be determined from tables found in most standard statistical texts. t p < 0.05. study, and that no performance decrement attributable to trace gas exposure occurred.
Grooved Pegboard. (1) As is seen in Table 2 , group E performed better (i.e., had faster average times) than group C at all three time periods. In Table 3 , we see that group E's superiority is statistically significant and held for both the dominant and nondominant hands (F = 9.21, df = 1, p < 0.01, dominant hand; F = 31. 32, df = 1, p < 0.01, nondominant hand) . (2) Within groups, performance levels significantly improved over time with both hands (i.e., both groups got better with both hands as a function of practice) (F = 22.01, df = 2, p < 0.01, dominant hand; F = 14.75, d f = 2, p < 0.01, nondominant hand). (3) No significant interaction effect is observed for either hand between the group and time factors.
Insofar as the Grooved Pegboard Task is concerned, then, it may be concluded that the two groups differed significantly in their performance levels at the outset, that both improved with practice such that their relative positions were maintained throughout the course of the study, and that no performance decrement attributable to exposure to anesthetic gases in trace quantities occurred.
Pursuit Rotor. (1) As is seen in Table 2 , group E performed better (i.e., averaged more time-on-target) than group C at the baseline and 2-week assessment periods, but not at the 4-week assessment period. This convergence in performance occurred at both speed settings, and accounts for the statistical nonsignificance of the overall differences between groups reported in Table 3. (2) Within groups, performance levels significantly improved over time at both speed settings (i.e., both groups got significantly better with practice at both speeds) (F = 59.43, d f = 2, p < 0.01, slow speed; F = 84.22, df = 2, p < 0.01, fast speed).
(3) At the slower speed setting, a significant interaction effect is observed in Table 3 between the group and time variables; i.e., the change in performance over time is significantly different for the two groups. No significant interaction effect is observed between the group and time factors at the faster speed setting.
Insofar as the Pursuit Rotor Task is concerned, then, it may be concluded that the two groups differed significantly in their performance levels at the outset, that both groups improved with practice but that the degree of improvement was greater for group C than for group E, and that the significant interaction effect between the group and time variables seen at the slower speed setting might mean that exposure to trace gases had some affect upon the experimental subjects' ability to perform on this task by the end of the 4-week period.
Analysis Using Change-Scores
The three basic comparisons made in the initial analysis are again made in the subsequent analysis which used change-scores (i.e., the nature of the two analyses is the same; the difference is in the nature of the data being analyzed). The second analysis is summarized in Table 4 . This analysis revealed the following about the outcome on each task once initial baseline differences were negated.
ringer Tapping. The groups did not differ significantly in their performance on the Finger Tapping task.
Grooved Pegboard. The groups did not differ significantly in their performance on the Grooved Pegboard task. The significant period (i.e., time) effect associated with nondominant hand performance which emerges in this analysis involves both the groups; i.e., all subjects improved their nondominant hand performance at a rate that was not symmetrical across time intervals.
Pursuit Rotor. With initial baseline performance differences negated, the significant group-by-time interaction effect previously seen on slower speed Pursuit Rotor disappears. That is, the interaction effect emerging from the initial analysis which suggested a possible trace gas influence on performance now seems clearly attributable to the disparity in the groups' baseline performance. Having begun at a significantly higher level of performance than group C, group E simply did not show the same rate of improvement as that group at the slow-speed setting, and hence the illusory interaction effect. The change scores from baseline to 2 weeks and from baseline to 4 weeks are indeed not equivalent for the two groups, but apparently only because they began at different performance levels. On the faster speed setting of the Pursuit Rotor the two groups show only equivalent practice effects.
Discussion
The anesthetic properties of nitrous oxide and halothane are well established; clearly inhalation of these and similar agents in sufficient concentrations produce progressive psychomotor impairment and eventual loss of consciousness. The issue, then, is not whether these agents can have deleterious effects upon psychomotor functioning, but rather whether Note. In the analysis using change-scores, two time periods-baseline to 2 weeks and baseline to 4 weeks-constitute a main factor rather than the three individual assassment times represented in the initial analysis. This modification is noted by a change in terminology in the Source column of the present table, and by a concomitant reduction in the degrees of freedom. The explanatory note accompanying Table 3 is othewise applicable here.
they do have such effects upon the ongoing functioning of OR personnel under the circumstances of their normal use. Several studies in recent years have indeed reported that under highly controlled conditions of administration some degree of psychomotor impairment can be produced by even trace levels of these agents, but whether nonregulated exposure to similar levels in the OR leads to similar impairment remains to be demonstrated.
In the present study no significant decrements in psychomotor performance were detected although the average levels of trace concentrations to which subjects were exposed prior to testing exceeded levels that previously reported laboratory studies have found sufficient to produce impairment. Because the atmosphere of the OR was episodically sampled rather than continuously monitored in the present study, however, there is no assurance that the average levels of trace concentrations being reported accurately reflect levels encountered by OR workers on a daily basis. In fact, considering the amount of variance among the samples, the mean values represent levels which themselves were seldom if ever actually present. The point, however, is not whether these subjects uniformly received continuous exposure to a certain average level of anesthetic gas, but whether they experienced conditions as they commonly occur in the natural environment of the OR. Such conditions include episodic exposure to anesthetic gases at levels which, on average, are sufficient to produce psychomotor deficits under circumstances of laboratory administration.
Any or all of the aforementioned dissimilarities between conditions found in an OR and those imposed in a laboratory study may have contributed to attenuation of anesthetic effects in the present instance, and/or perhaps through daily exposure the students also developed some degree of increased tolerance to the presence of low levels of anesthetic gases. Alternatively, it might simply be that the psychomotor effects of trace levels of anesthetic gases, being relatively mild, are rather easily overcome when situational demands warrant increased effort; i.e., ongoing demands of the OR not duplicated in the laboratory setting may activate arousal systems that serve to override and negate trace gas effects that might otherwise be observed. In any event, the data from the present study indicate that routine daily exposure to anesthetic trace gases for a &week period in the natural environment of the OR does not result in a significant disruption of psychomotor activity, at least not insofar as that activity is assessed by the type of tasks used in this study.
One might argue the irrefutable possibility, of course, that the experimental subjects in this study indeed experienced some degree of psychomotor impairment, but that it went undetected because of either the timing of assessment or the insufficient sensitivity of the tests used. The highly circumscribed, subtle, and/or ephemeral nature of the psychomotor changes posited to make this possibility viable, how-ANESTHESIA AND ANALGESIA VOI 58, NO 6, Nov-Dec 1979 ever, would seemingly also call into question the practical significance of such effects relevant to performance in the OR. In fact, the magnitude of psychomotor impairment typically produced even in tightly controlled laboratory studies, while lending itself to highly significant statistical results, has for the most part been quite small, and the extent of real risk posed by similarly limited performance decrements even should they be found in the OR is at least debatable. For example, in the 1974 study described by Bruce' and colleagues "the most striking decrement in performance produced by exposure to trace amounts of anesthetic . . ." amounted to an overall mean increase of 0.36 of a second in the response latencies of subjects to an audiovisual task which they undertook after breathing a steady flow of air containing 500 ppm of nitrous oxide and 15 ppm of halothane for four consecutive hours. A statistically significant anesthetic effect ( p < 0.005) was also demonstrated by Bruce and Bach3 in a similar 1975 study wherein 15 ppm of enflurane replaced halothane in the atmospheric mixture, and response latencies on the same task increased by an overall mean of just 0.09 of a second.
While perhaps situations might be hypothesized where delays measured in some hundredths of a second prove catastrophic, realistically speaking, in the absence of concomitant judgmental errors, motor incoordination, or memory lapses, decrements in simple reaction time of this sort are not apt to be particularly consequential in the daily routine of the OR. Furthermore, in both of these aforementioned studies, the tests were presented in a fixed rather than counterbalanced order, and there is the distinct possibility that even these rather minimal performance decrements were somewhat inflated by the fact that the audiovisual task was invariably the first confronting the subjects following their gas exposure; i.e., the reported data may reflect an interaction between test order and gas exposure rather than a main effect of gas exposure alone.
In brief, then, laboratory studies have demonstrated only that trace levels of anesthetic gases when carefully administered-a loose-fitting breathing mask is blamed by Bruce and Bach4 for some anomalous results in their 1976 study-may produce measurable though relatively limited decrements in psychomotor performance. Trace levels of anesthetic gases in the open atmosphere of an OR have not been shown to produce comparable decrements, nor has the degree of actual risk posed by the occurrence of such decrements been demonstrated. The foregoing is not meant, however, to dismiss all current concerns regarding the potential hazards posed by anesthetic trace substances present in the open OR atmosphere. As a matter of principle it is desirable that even suspected risk be reduced as much and as soon as possible, though, as a matter of reality, the cost of that risk reduction must always be balanced against the degree of demonstrable risk present. The extent to which trace substances threaten the long-term health and/or short-term functioning of OR personnel, therefore, must be subjected to adequate scientific scrutiny, and additional data relevant to both issues must be derived from methodologically sound investigations before valid conclusions can be drawn.
A recent paper by Bentin, Collins, and Adamg represents a significant advance in this direction, showing, as it does, both the requisite sophistication in methodology as well as an ingenious approach to the assessment of a unique aspect of human performance-risk-taking behavior. Only the limited number of subjects employed produced unfortunate instability in their data. While awaiting further study, then, and certainly insofar as the integrity of psychomotor activity alone is considered, it would appear that analogue studies may well be overestimating the amount of threat posed by in vivo trace gases.
